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.  Oral  immunization  with  inactivated  microorganisms  has  been  attempted  thus 
far  only  in  the  case  of  infections  of  bacterial  origin.  Results  were  obtained 
long  ago  in  experiments  with  typhoid,  paratyphoid,  dysentery,  and  cholera  (1). 

The  mechanism  of  action  involved  in  this  type  of  vaccination  was  still  rJhiown 
up  until  a  few  years  ago  and  even  then  the  information  obtained  from  animal- 
experimentation  and  epidemiological  studies  was  of  an  empirical  nature  only. 

Only  recently  has  one  attempt  to  elucidate  the  nature  of  the  localized  immunity 
of  the  intestines  using  scientific  methods.  (2— 14) 

Oral  immunization  using  inactivated  enter opathogenic  virus  has  thus  far 
not  been  attempted.  In  animals  experiments,  it  was  quite  convincingly  demon¬ 
strated  that  bacteriophages,  when  employed  as  a  pathogenic  model,  will  pass 
through  the  mucous  membranes  of  the  intestinal  tract  quite  rapidly  and  regu.'urly 
and  appear  in  the  blood  stream  after  only  a  few  minutes  (5-9).  On  the  basis 
of  the  results  obtained  in  the  aforementioned  experiments,  it  was  concluded 
that  inactivated  virus  should  also  exert  a  Kerbst  effect  (Volkheimer,  10)  and 
be  absorbed  into  the  intestines  and  thereby  became  affective  antigens  as  a 
result  of  their  contact  with  lymph  vessels  and  the  blood  in  spite  of  the 
absence  of  specific  processes  of  infection  and  reproduction. 

if  this  hypothetical  considerations  are  correct,  then  oral  immunization 
with  inactivated  viruses  should  be  possible#  For  my  first  experiments  in  this 
direct i''",  I  chose  the  parapolicmyelitis  infection  of  the  mouse  which  is  caused 
by  Ihe  Columta-SK  virus  of  Jungeblut.  This  model  has  the  advantage  that  the 
experimental  animal,  the  mouse,  becomes  ill  and  dies  regularly  in  a  characteris¬ 
tic  manner  after  an  oral  infection#  I  examined  the  reabsorption  viremis  of 
this  model  of  infection  (11).  The  origiruiof  the  virus,  the  techniques  for 
infection,  the  dosage  and  the  method  of  evaluation  can  be  found  in  the  refer¬ 
ence  mentioned# 
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Ths  fcur  vaccines  examined  thus  far  and  the  results  obtained  in  animal 
experiments  are  summarized  in  the  Table.  In  the  specific  oral  immunization 
with  heat-inactivated  Col.  SK  virus,  brains  from  mice  that  had  become  ill  and 
showed  typical  paralysis  were  homogenized  and  the .supernatant  was  inactivated 

by  heating  60  C  f or  one  hour.  The  loss  in  inf activity  was  determined  by 
intracerebral  injections  of  the  material  into  yo’ong  mice.  In  this  manner, 
one  could  assure  that  there  were  no  reproducible  Col.  SK  virus  remaining  which 
could  lead  to  a  light  immunizing  infection. 

The  virus  titer  was  determinad  before  inactivation  by  intracerebral  in¬ 
jection  into  young  mice.  More  than  half  of  the  animals  consistently  died 
when  they  were  injected  with  the  supernatant  from  a  homogenized  brain  at  a 
dilution  of  10“^.  on  the  other  hand,  they  survived  when  injected  with  a  dilu¬ 
tion  of  10  .  The  inactivated  virus  vaccine  was  given  in  quantities  of  0.25  ml 
at  daily  intervals  for  six  days  and  was  applied  orally  with  a  throat  swab. 

Three  days  after  vaccination,  oral  infection  was  introduced.  The  results  of 
the  experiment  were  determined  by  measuring  the  mortality  of  the  experimental 
animals  at  the  end  of  the  sxperiment  which  was  six  days  aft'"  oral  infection. 

A  comparison  of  columns  It  and  5  in  the  table  shows  that  mice  which  have  been 
vaccinated  orally  with  the  inactivated  vaccine  have  significantly  more  pro¬ 
tection  than  the  control  animals.  The  effect  of  vaccination  is  very  high  - 
71.2  (column  9).  Columns  6  and  8  show  that  the  differences  in  mortality  is 
statistically  significant  in  spite  of  the  relatively  small  number  of  animals 
employed. 

i:  t  Using  the  model  of  the  S.  typhimurium  Infection  of  the  mice,  I  was  able 
toldemonstrate  that  not  only  specific  oral  immunisation  is  effective  by  also 
nonspecific  immunisation  with  other  salmonellte  or  with  Coli  bacteria 0  tf) 
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The  question  of  specificity  therefore  was  examined  also  in  the  virus  model. 

First  of  all,  it  was  obvious  that  one  should  use  inactivated  polyiomyelitis 
virus  for  unspecific  oral  immunization.  For  this  purpose,  a  commercial  trl- 
valent  Salk  vaccines  was  used.  The  vaccine  v?a$  used  in  equal  volumes  anc  at 
uhe  same  time  intervals  and  the  animals  were  treated  at  the  same  point  in 
time.  This  holds  true  also  for  the  two  following  experimental  groups.  The 
third  horizontal  column  of  the  Table  shows  that  ini  this  experimental  group, 
significantly  more  experimental  animals  were  employed.  The  difference  in 
mortality  between  the  vaccinated  and  non-vaccina ted  animals  is  not  as  great 
as  in  the  first  group  and  corresponds  to  a  volue  of  39.7*  Column  8  of  the 
Table  shows  that  the  decrease  in  mortality  by  oral  immunization  is  statis¬ 
tically  significant  at  a  high  degree.  Because  we  are  dealing  here  with 
nonspecific  protection,  it  can  also  be  assumed  that  vaccine  additive  such 
as  tissue  culture  constituents,  antibiotics,  or  preservatives  may  have  modi-  • 
fied  the  reaction  of  -he  intestinal  epithelium  to  Col.  SK  infection.  As  a 
result,  a  control  series  of  tests  in  which  a  blank  vaccine  which  had  exactly 
the  same  composition  as  the  Salk  vaccine  except  that  it  contained  no  inacti¬ 
vated  Polio  virus  was  used,  was  carried  out.  The  difference  in  the  fifial 
mortality  was  small  and  the  value  of  19.9  lies  well  within  the  statistical 
deviation.  From  a  comparison  of  these  two  sets  of  results,  it  can  be  con¬ 
cluded  that  the  effective  substance  in  the  Salk  vaccine  is  the  poliomyelitis 
virus. 

In  following  up  the  question  concerning  the  nonspecific  effect  of  oral 
immunization  in  the  case  of  this  virus  model,  a  vaccine  was  chosen  which  was 
completely  unrelated  to  the  Col.  SK  virus  either  with  regards  to  its  antigenic 
composition  or  its  pathogenic  effect.  Hr  choice  in  this  regards  vas  the 
inactivated  Breslau  vaccine.  The  reasons  for  selecting  this  vaccine  cannot 
be  discussed  in  this  paper.  The  nonspecific  oral  immunization  with  inactivated 
3.  typhimurium  becteria  was  unexpectedly  successful  with  regards  to  oral 

j 

infections  with  virulent  Co*  SK  virus  as  can  ba  aaan  in  the  second  horlsontal 


column  of  the  summarizing  table.  The  decrease  in  mortality  as  a  result  of 
this  vaccination  was  almost  half  and  the  statistical  value  of  1*7,1;  was  quite 
significant  and  markedly  better  than  that  obtained  after  oral  vaccination 
with  the  trivalent  poliomyelitis  vaccine. 

The  results  that  have  been  obtained  thus  with  various  antigens  are  shown 
xn  Figure  1  where  the  final  mortality  of  the  control  animals  has  been  set  at 
100.  The  visual  effect  of  this  figure  confirms  the  results  shown  in  the  Table. 


The  specific  oral  immunisation  with  heat  inactivated  Col.  SK  virus  caused  the 
largest  decrease  in  mortality.  Salk  and  Breslau  vaecines  follow  and  are 
quite  cloee  to  each  other.  The  results  obtained  with  a  blank  vaccine  are 
identical  to  the  controls  within  statistical  deviations.  This  graphic  repre¬ 
sentation,  furthermore,  shows  an  additional  effect  of  oral  vaccination.  The 
three  curves  of  the  specific  and  nonspecific  immunisation  rise  distinctly  later 
than  those  of  the  controls  and  the  blank  vaccine.  This  indicates  that  the 
oral  vaccines  prolong  the  median  survival  time  or  ,  in  other  words,  that  the 
vaccinated  animals,  although  they  died,  received  orotection  in  as  euch  as  they 
died  later  than  did  the  control  animals. 


ON  OF  THE  VARIOUS  STUDIES  WITH  ORAL  IMMUNIZATIONS  AGAINST  AN  ORAL  INFECTION  WITH  COL.  SI  VIRUS 
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The  mean  mortality  values  have  'een  evaluated  in  the  summary  table  as  well 
as  in  Figure  1  (compare  column  3  of  the  table).  In  this  manner,  a  general  view 
c-f  the  results  was  obtained.  However,  this  procedure  can  lead  to  erroneous 
conclusions  when  extreme  results  from  a  single  experiment  distort  the  mean  values. 
As  a  result,  in  Figure  2  the  stability  of  the  effect  of  oral  immunization  has  been 
presented  graphically.  This  method  of  observation  could  also  lead  to  the  wrong, 
conclusion.  Nonspecific  vaccination  with  5»  typhimurium  whole  antigen  clearly 
showed  the  most  stable  action.  The  values  obvjined  from  seven  single  experi¬ 
ments  are  very  close  to  the  mean  value  as  canc.be  seen  fran  Fig.  2  and  in  column  7 
of  the  table.  In  comparison,  the  values  obtained  with  the  Salk  vaccine  fluctuate 
much  more  with  relation  to  the  mean  value.  Also,  of  the  three  experiments  with 
very  high  values,  two  experiments  gave  values  which  could  be  considered  to  be 
11  outliers”  in  that  the  mortality  in  these  experiments  was  higher  than  that  observed 
with  the  controls  (urtvaccinated  animals).  The  four  single  experiments  with  oral 
vaccination  with  Col.  SK  virus  do  not  permit  a  definite  statausnt  with  regards  to 
specific  immunization;  the  results  obtained  in  the  third  experiment  which  deviate 
strongly  do  not  have  a  great  deal  of  significance  since  the  number  of  animals  in 
that  experiment,  was  very  small.  This  can  also  be  seen  in  Fig.  2.  The  values 
obtained  from  this  experiment  hardly  influenced  the  mean  value.  In  the  following 
discussion,  it  is  Important  to  keep  in  mind  the  fact  that  it  is  more  important 
to  consider  which  nonspecific  vaccination  protects  p'st  reliably  against  a  viru¬ 
lent  infection  rather  than  which  one  protects  best. 

No  confirmation  of  our  results  on  the  basis  of  experimental  animal  sttxilea 
reported  in  the  literature  is  possible  since  oral  immunization  with 'inactivated 
virus  has  not  been  reported  on.  Here  ye  must  satisfy  ourselves  with  some 
hypothotioal  thoughte  concerning  the  elrill  unknown  mechanism  of  action  with  these 
antigens.  On  the  baa  it  oi  the  experiments  conducted  thus  far  on  bacterial 
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intestinal  infections,  coproant-*  bodies  may  be  responsible  for  the  effects  of  oral 
immunization  (2-ii).  Accordingly,  one  should  first  examine  the  virus  model  The 
specific  effect  of  antibodies  becomes  important  only  in  the  case  of  specific 
Vaccination  with  Col.  SK  virus.  When  examined  from  a  statistical  point  of  view, 
coproantibndies  could  explain  only  the  differences  in  the  mortality  values 
between  specifically  air5  onspecifically  immunized  animals.  In  the  case  of  the 
reduction  of  mortality  following  nonspecific  oral  vaccination,  one  has  to  examine 
other  possibilities  to  explain  this  effect.  In  the  case  of  vaccination  with  the 
Salk  vaccine,  cue  could  assume  that,  after  contact  of  the  virus  with  the  intes¬ 
tinal  epithelium,  an  interferon  or  an  interferon-like  substance  is  excreted  into 
the  intestinal  lunen  where  it  has  some  type  of  a  protective  action.  Sinco  the 


Figure  2. 


formation  of  interferon  can  be  stimulated  also  by  inactive  viruses  and  since 
its  action  is  not  specific,  this  assumption  c«n  be  considered  as  a  possibility. 
At  first  glance,  on*  would  consider  thia  possible  explanation  only  in  the  esse 
of  nonspecific  immunisation  with  inactivated  poliomyelitis  virus  tut  not  in 
the  case  df  immunisation  with  S.  typhimriisa,  However,  since  Stine  bring  and 
Toungner  reported  (12)  that  interferon  cculd  be  detected  for  a  short  time  in 
the  plasms  cf  rdoe  which  hM  been  administered  s.  typhimurlum  antigen  intra  - 
-renoualjv  it  i*  reasonable  to  look  fear  interferon  or  an  interferon-like 
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substar.ee  in  animals  after  ora?,  vaccination  with  inactivated  S«  typhlmurium 
bacteria.  Vie  have  started  experiments  with  this  in  mind. 

In  stannary,  I  would  like  to  propose  'Jtnat  it  is  possible  to  increase  eitr. 
specifically  or  nonspecif ically  the  defense  of  the  intestine  against  onterotr 
viral  infections  by  means  of  oral  vaccination  with  inactivated  microorganism* 
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REMARKS  QgRlt.’G  DISCUSSION 

H.  Rant tig  (Berlin):  During  the  entire  course,  it  can  be  wily  a  Question  of 
interference.  The  time  Just  allows  for  that.  Only  through  this  phencreehoo 


